We report on a theoretical investigation of a direct current generation in carbon nanotubes (CNTs) that are stimulated axially by terahertz (THz) field. We consider the kinetic approach based on the semiclassical Boltzmann's transport equation with constant relaxation time approximation, together with the energy spectrum of an electron in the tight-binding approximation. Our results indicate that for strong THz-fields, there is simultaneous generation of DC current in the axial and circumferential directions of the CNTs, even at room temperature. We found that a THz-field can induce a negative conductivity in the CNTs that leads to the THz field induced DC current. For varying amplitude of the THz-field, the current density decreases rapidly and modulates around zero with interval of negative conductivity. The interval decreases with increasing the amplitude of the THz-field. We show that the THz-field can cause fast switching from a zero DC current to a finite DC current due to the quasi-ballistic transport, and that electron scattering is a necessary condition for switching.
Introduction
Investigation into the electronic properties of carbon nanotubes (CNTs) has attracted a great deal of interests ev-
Theory
We start with the Boltzmann equation and proceed as in refs [42] - [44] , ( )
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In accordance with ref. [4] - [6] [11], we find that the distribution function is periodic in the quasimomentum and can be written in Fourier series as; 
where e is electronic charge, the index 
Interesting to us is the situation that 1 vt  and Equation (2) 
We proceed as in [5] [6] by considering an infinitely long chain of carbon atoms wrapped along a base helix as a model of a SWNT. This phenomenological model gives analytical tractability, which easily provides physically interpretable results. Also, the model gives a correct qualitative description of various electronic processes which are corroborated by the first principle numerical simulations. Thus, using the simple model of the tightbinding approximation, we describe the energy spectrum of the CNTs as ref [5] [6] .
where o ε is the energy of an outer-shell electron in an isolated carbon atom, γ ∆ and ξ ∆ are the real overlapping integrals for jumps along the respective coordinates.
The electron quasi classical velocity components for
and the electron fluxes along the tubular axis and the base helix are given by after making the transformation
where the integration is done over the first Brilloiun zone. The expressions for the axial and the circumferential components are as in [5] ;
where h θ is the chiral angle. We consider the CNTs stimulated by a uniform electric field o E with a uniform sinusoidal THz radiation field of frequency 1 ω and amplitude 1 E i.e., ( )
. Substituting Equations (4) and (6) into Equation (7), we obtained the following direct current density expression from Equation (8) for circumferential and axial directions, respectively. J ν β (see [44] ). For quasi static case i.e. 1 νωτ  , expression (9) reduces to; From Equation (11) we obtain the normalized differential conductivity as; 
Results and Discussion
We present the results of the kinetic equation approach of a CNT subjected to inhomogeneous THz field of the form ( )
. The Boltzmann's equation is solved in the framework of constant relaxation time approximation. The expressions for the direct current densities along the axial and circumferential directions of the chiral CNT are given in Equation (9) . The nonlinearity is analyzed using the dependence of the normalized direct current density Figure 1 indicate the regions of negative conductivity. We observed that the width of the intervals of the negative conductivity is largest at ~2 ωτ and decreases with decreasing scattering. The results indicate that negative conductance can be generated in chiral CNTs at room temperature by axial stimulation of the CNTs with THz frequencies (→10 12 Hz). On the other hand, the stable state with THz induced DC current is the region of dynamic localization for ~2 ωτ and is indicated by black boxes (see Figure 2) . This suggests that stimulation of chiral CNTs with THz fields at room temperature can lead to switching from zero DC current to a finite DC current state, a process of quasi-ballistic electron transport where electron scattering is a critical component for the switching. 
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Conclusion
In conclusion, we considered the nonlinear electronic properties in CNTs stimulated by a high frequency THz field, i.e., ( ) 
